Abstract-Power electronic devices are finding increased applications in the transformation of electrical energy into useful forms, especially at higher power levels. The recent trend in power electronic converters is to switch the power semiconductor devices in power modulators at increased frequencies with a view to minimize harmonics, enhance power quality and regulate the output voltage. This paper is aimed to present the design of high power inverter topology capable of producing a near sinusoidal ac voltage with minimal harmonic distortion which enables its use in high power applications. The analytical expressions for the proposed inverter output voltages using Fourier analysis have been obtained. Vector diagrams are drawn to clearly illustrate the mechanism of harmonic cancellation in the proposed multipulse-multilevel inverter topology. The complete digital simulation of the proposed VSI is performed using MATLAB/Simulink and the simulation results closely agreed with the analytical results.
I. INTRODUCTION
The progress of a nation is assessed by its economic growth, industrial development besides technological advancements. The per capita consumption of electrical energy is treated as a measure to evaluate the overall progress. It is imperative that the existing resources are fully utilized before venturing to look for alternatives, in the present energy crisis scenario. However, it is equally important to realize the rapid depletion of energy sources and contemplate measures to augment its sustainability.
The field of power electronics has witnessed tremendous development in recent times. The advent of new power controlled devices has contributed significantly to an enhanced performance of the existing power converters. The birth of innovative converter topologies has paved the way for further improving the overall power quality. It has contributed to build sophisticated utilities and enable precise control of flow of power over the transmission lines. Inverters are generally used in a host of applications that include variable speed drive, uninterruptible power supplies, flexible AC transmission systems (FACTS), high voltage dc transmission (HVDC) systems, active filters, etc., The output voltage waveforms of ideal inverters should be sinusoidal. But, the waveforms of practical inverters are non-sinusoidal and contain certain harmonics. Square wave or quasi-square wave voltages may be acceptable for low-and medium-power applications. However, low distorted sinusoidal waveforms are required for high power applications especially when they are used in power system applications.
Appropriate voltage source inverter circuits have to be developed in order to integrate power converter circuits into power systems. The harmonics generated on the ac side of the power inverter circuits greatly influence the power quality of the transmission system. Hence, in the present work, an attempt is made to propose a suitable inverter configuration useful for high power applications.
II. EVOLUTION OF HIGH POWER INVERTERS
The traditional two-level VSI produces a square wave output as it switches the direct voltage source on and off. However for high voltage applications, a near sinusoidal ac voltage with minimal harmonic distortion is required. In order to realise higher voltages, each main switch of the 2-level inverter is formed by connecting many semiconductor devices in a series/parallel fashion. It is essential that with this arrangement, the electrical and thermal characteristics of the series and/or parallel connected semiconductor devices should be matched [1] .
In response to the growing demand for high power inverter units, multipulse inverters (MPI) have drawn increased interest in the field of research and industry [2] [3] [4] . A multipulse inverter generates a staircase wave closely resembling a sine wave by connecting number of identical three-phase inverter bridges through phase shifting transformers (PST). The high power STATCOM commissioned at Sullivan substation, United States used 48-pulse voltage source inverter in order to obtain higher operating voltages with less harmonic content [6] . The key problem with the multipulse inverter is the requirement of magnetic interfaces constituted by complex zig-zag phase shifting transformers which tremendously increases the cost of the complete system [1] .
An attractive alternative to the multipulse inverter is the multilevel inverter (MLI) [6] [7] [8] [9] [10] [11] (DCMLI), [6, 7] flying capacitor multilevel inverter (FCMLI) [8] and cascaded multilevel inverter (CMLI) [9, 10] . Among the three configurations, the CMLI with a separate dc capacitor is widely accepted for applications in high power drives and utility systems due to its modularized circuit layout and sufficiently high operating voltages [11] . Though the basic concept of the CMLI has existed over more than two decades, it was not fully realized until F.Z.Peng and J.S.Lai [9] patented it. The CMLI consists of a number of H-bridge power conversion cells with each cell supplied by an isolated source on the dc side and series connected on the ac side so as to produce a staircase waveform. A premium quality output waveform can be achieved with a sufficiently high number of voltage levels. However, the number of voltage levels is limited due to control complexity and cost. Besides, a large number of dc capacitors are required whose voltages must be balanced in order to avoid over-voltages on any particular link. The critical review of literature shows neither multipulse inverter nor multilevel inverter is useful on their own. A hybrid inverter topology incorporating the advantages of both MPI and MLI will be attractive.
In the present work it is proposed to build up a forty eight pulse inverter topology through the twenty four pulse configuration in which each individual two level inverters are converted to 3-level diode clamped structures. This new topology enjoys the benefits of both the MPI and MLI configurations and is referred as combined multipulse-multilevel inverter topology. The harmonic performance of this inverter topology is evaluated through MATLAB based simulation. It establishes that this structure almost offers the same response as that of a forty eight pulse inverter in respect of THD.
III. PROPOSED INVERTER TOPOLOGY
The proposed configuration shown in Fig.1 is obtained by combining four three-level diode clamped multilevel inverters with an adequate phase shifts between them. The voltages generated by each of the three level inverters are applied to the secondary windings of four different PSTs. Two of them are Y-Y transformers with a turns ratio of 11 and the remaining two are -Y transformers with a turns ratio of 13. The primary windings of the PSTs are connected in series and the proper pulse pattern as tabulated in Table I is maintained so that the fundamental components of the individual 3-level inverters are added in phase on the primary side. In this configuration the number of PST requirement is reduced to half of that needed in 48-pusle operation. Though the configuration is similar to a 24-pulse inverter, it provides very less THD as that of the 48-pulse inverter. This is possible by selectively eliminating the 23 rd and 25 th harmonic components through the appropriate selection of the conduction angle () of the individual three-level inverter units. Each unit in the proposed structure is a diode clamped three-level inverter configuration as shown in Fig.2 . The dc-bus voltage is split into three levels by two series connected bulk capacitors, C 1 
where m is the harmonic component which is to be eliminated. 
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The voltages v bc (t) and v ca (t) exhibit a similar pattern except that they are phase shifted by 120 and 240 respectively. Similarly the phase voltages v bn (t) and v cn (t) are also phase shifted by 120 and 240 respectively. It contains only odd harmonics in the order of 6r1, where r is a numeral can assume values 1, 2, 3,…..
In general star and delta connected windings have a relative phase shift of 30 and the three-level inverters connected to each of these Y and  transformers will give an overall 12-pulse operation and offers a better harmonic performance. The output voltage will have a twelve pulse waveform, with harmonics of the order of 12r1. Thus the twelve pulse inverter will have 11 
The 12-pulse inverter output is obtained by adding the equations (5) Table II . The combined multipulse-multilevel 261 inverter configuration produces almost a near sinusoidal output voltage with a total harmonic distortion of about 3.81% as depicted in Figs.9 and 10 respectively. A combined multipulse-multilevel inverter topology suitable for high power applications has been proposed. The pulse pattern and the phase shifting transformer arrangement for harmonic neutralization have been discussed in detail. The analytic expressions for the proposed inverter topology are derived using Fourier series and found to closely agree with the simulated results. This new inverter configuration produces almost three phase sinusoidal voltage and maintains THD well below 4%. Thus the proposed inverter is highly suitable for power system applications.
